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ObjectivesObjectives
Understand the overarching science behind Understand the overarching science behind 
MPEMPE
Provide handsProvide hands--on training on how to use MPE on training on how to use MPE 
software, including 4 lab exercisessoftware, including 4 lab exercises
Understand how MPE fits into WFO operationsUnderstand how MPE fits into WFO operations
Gain your feedback on MPE featuresGain your feedback on MPE features

Note:  The Note:  The HydroviewHydroview features of the features of the HydroviewHydroview/MPE /MPE 
software application will not be discussed heresoftware application will not be discussed here

MPE



What is MPE?What is MPE?

Adds value to radarAdds value to radar--only rainfall estimates from only rainfall estimates from 
the WSRthe WSR--88D 88D ORPGORPG’’ss Precipitation Processing Precipitation Processing 
System (PPS)System (PPS)
Integrates rain gauge and satellite rainfall Integrates rain gauge and satellite rainfall 
estimates with the radarestimates with the radar--only estimatesonly estimates
Produces highProduces high--resolution gridded rainfall resolution gridded rainfall 
products that are used quantitatively in products that are used quantitatively in 
hydrologic operations at hydrologic operations at WFOsWFOs and and RFCsRFCs

Hydrologic forecast models (Site Specific Hydrologic Hydrologic forecast models (Site Specific Hydrologic 
Model at Model at WFOsWFOs; River Forecast System at ; River Forecast System at RFCsRFCs))
Flash Flood Monitoring and Prediction (future)Flash Flood Monitoring and Prediction (future)

An interactive software tool within the 
AWIPS WFO Hydrologic Forecast System 
(WHFS) that:



Brief History of MPEBrief History of MPE
Developed by the NWS Hydrology LabDeveloped by the NWS Hydrology Lab
A descendant of A descendant of ““Stage II and Stage III Precipitation Stage II and Stage III Precipitation 
ProcessingProcessing”” at the at the RFCsRFCs
SS--II and SII and S--III were developed sideIII were developed side--byby--side with the side with the 
WSRWSR--88D 88D PrecipPrecip. Processing System (PPS=Stage I) . Processing System (PPS=Stage I) 
and integrated with it in late 1980s (preand integrated with it in late 1980s (pre--NEXRAD)NEXRAD)
SS--II and SII and S--III were born about 1990 and were deployed III were born about 1990 and were deployed 
operationally first at ABRFC in Tulsa, OK in early 1990s operationally first at ABRFC in Tulsa, OK in early 1990s 
associated with the NWS AWIPS modernizationassociated with the NWS AWIPS modernization
MPE replaced Stage II and III in 2002 at the MPE replaced Stage II and III in 2002 at the RFCsRFCs with with 
new improved functionality and sciencenew improved functionality and science
MPE was adapted and delivered to MPE was adapted and delivered to WFOsWFOs within WHFS within WHFS 
around 2003around 2003
Enhancement of MPE by the Hydrology Lab to better Enhancement of MPE by the Hydrology Lab to better 
serve the WFO flash flood program is currently onserve the WFO flash flood program is currently on--goinggoing



MPE User DocumentationMPE User Documentation
http://www.nws.noaa.gov/om/whfs/http://www.nws.noaa.gov/om/whfs/

WHFS Field Support Group:  WHFS Field Support Group:  whfs@noaa.govwhfs@noaa.gov

HydroviewHydroview/MPE User/MPE User’’s Guide s Guide –– Build OB5 (2/28/05)Build OB5 (2/28/05)
MPE Field Generation System Document MPE Field Generation System Document –– Build OB4 Build OB4 
(3/11/05)(3/11/05)
HydroviewHydroview/MPE Implementation Document /MPE Implementation Document –– OB5 OB5 
(2/28/05)(2/28/05)
Gage Precipitation Processing Operations Guide Gage Precipitation Processing Operations Guide 
(2/28/05)(2/28/05)
RealReal--time Rain Gauge Quality Controllingtime Rain Gauge Quality Controlling
Radar Climatology Analysis and Display RADCLIM Radar Climatology Analysis and Display RADCLIM 
Software Documentation (3/14/05)Software Documentation (3/14/05)
HydroviewHydroview documentationdocumentation
WHFS Release NotesWHFS Release Notes
This presentationThis presentation



Why use MPE?Why use MPE?

RadarRadar--only rainfall estimates are plagued only rainfall estimates are plagued 
with with systematic biasessystematic biases that can and must that can and must 
be removed or reducedbe removed or reduced
Automated rain gauges and satellites Automated rain gauges and satellites 
provide provide independentindependent rainfall estimates to rainfall estimates to 
improve radar estimatesimprove radar estimates
With hydrologic operations and models:With hydrologic operations and models:

Garbage Garbage precipprecip. in = garbage . in = garbage streamflowstreamflow outout
See example belowSee example below



MPE Gauge-only Rainfall (~2.3 in.) MPE Radar-only Rainfall (~1.0 in.)

Bias-adjusted Radar Rainfall (~1.7 in.) MPE Multisensor Rainfall (~2.2 in.)

MPE Rainfall for Illinois River basin near Watts, OK



Observed hydrograph

Model hydrograph using 
gauge-only rainfall

NWSRFS Lumped Model Hydrographs                       
with Varying Input Rainfall



Observed hydrograph

Model hydrograph using 
radar-only rainfall

NWSRFS Lumped Model Hydrographs                       
with Varying Input Rainfall



Observed hydrograph

Model hydrograph using 
mean-field-bias adjusted 
radar rainfall

NWSRFS Lumped Model Hydrographs                       
with Varying Input Rainfall



Observed hydrograph

Model hydrograph using 
multisensor rainfall

NWSRFS Lumped Model Hydrographs                       
with Varying Input Rainfall



MPE Input Data SourcesMPE Input Data Sources
Radar rainfall estimatesRadar rainfall estimates

Digital Precipitation Arrays (DPADigital Precipitation Arrays (DPA……11--hour accumulations) from PPS at hour accumulations) from PPS at 
top of hour from all WSRtop of hour from all WSR--88D/ORPGs covering your forecast/warning 88D/ORPGs covering your forecast/warning 
areaarea

Rain gauge rainfall estimatesRain gauge rainfall estimates
All available automated accumulator (PC) or incremental (PP) gauAll available automated accumulator (PC) or incremental (PP) gaugesges

Satellite rainfall estimatesSatellite rainfall estimates
Hourly NESDIS Hourly NESDIS HydroEstimatorHydroEstimator products at top of hourproducts at top of hour

UserUser--defined adaptable parameters and configuration defined adaptable parameters and configuration 
data stored in AWIPS MPE databasesdata stored in AWIPS MPE databases

YouYou……MPE is interactiveMPE is interactive



Digital Precipitation Array (DPA) Digital Precipitation Array (DPA) 
RefresherRefresher

A oneA one--hour radarhour radar--only rainfall accumulation only rainfall accumulation 
product from the Precipitation Processing product from the Precipitation Processing 
System (PPS) on the WSRSystem (PPS) on the WSR--88D Open RPG88D Open RPG
A small digital gridded product on a 256A small digital gridded product on a 256--datadata--
level logarithmic rainfall scale from 0level logarithmic rainfall scale from 0--14 inches14 inches
~4 km grid: Hydrologic Rainfall Analysis Project ~4 km grid: Hydrologic Rainfall Analysis Project 
(HRAP) polar stereographic grid projection(HRAP) polar stereographic grid projection
Produced every volume scan by PPS, but Produced every volume scan by PPS, but 
currently MPE only uses the single product at currently MPE only uses the single product at 
the top of each hourthe top of each hour



How is MPE How is MPE MosaickingMosaicking Done?Done?

In overlap areas, use the rainfall from the radar In overlap areas, use the rainfall from the radar 
whose pixel is closest to the groundwhose pixel is closest to the ground

•• Using mean or maximum exacerbates bright band, range Using mean or maximum exacerbates bright band, range 
degradation, and beam blockage problemsdegradation, and beam blockage problems

DonDon’’t use data beyond the t use data beyond the ““effective coverageeffective coverage”” of of 
each radar, i.e., each radar, i.e., 

•• DonDon’’t use radar data at far rangest use radar data at far ranges
•• DonDon’’t use terraint use terrain--blocked radar datablocked radar data

If a radarIf a radar’’s DPA drops out for one or more hours, then s DPA drops out for one or more hours, then 
MPE automatically fills in that area with an adjacent MPE automatically fills in that area with an adjacent 
radarradar’’s gridded datas gridded data
MosaickingMosaicking can reduce underestimation problems at can reduce underestimation problems at 
far ranges plaguing individual radarsfar ranges plaguing individual radars

MPE Mosaicking Requirements:



Height Field Radar Coverage Field

MPE’s Mosaicking Technique



Radar-only Mosaic Radar coverage



Automatically Fills in Missing Areas When DPAs Drop out



Mosaicked Radar Detects Rain Far Better than a 
Single Radar When Compared to Rain Gauges
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2003 and 2004 Warm Season             
One-hour Rain >12.5 mm



Lab Exercise #1Lab Exercise #1

Objective:   Gain familiarity with the MPE Objective:   Gain familiarity with the MPE 
graphical user interface (GUI) using a graphical user interface (GUI) using a 
Hurricane Floyd case study of September Hurricane Floyd case study of September 
16, 199916, 1999



MPE Hourly Rainfall ProductsMPE Hourly Rainfall Products
……under the under the ““MPEfieldsMPEfields”” pullpull--down menudown menu

Radar(Radar(--only) mosaiconly) mosaic
(Mean(Mean--)field)field--bias (adjusted) radar bias (adjusted) radar 
mosaicmosaic
Local bias(Local bias(--adjusted) radar mosaicadjusted) radar mosaic
GaugeGauge--only analysisonly analysis
Satellite(Satellite(--only) precipitationonly) precipitation
Local bias(Local bias(--adjusted) satellite adjusted) satellite 
precipitationprecipitation
Multisensor mosaicMultisensor mosaic
Local bias(Local bias(--adjusted) multisensor adjusted) multisensor 
mosaicmosaic

These products are automatically generated at 
25 minutes past every hour.



RadarRadar--only Mosaic  (RMOSAIC)only Mosaic  (RMOSAIC)

A simple A simple 
mosaic of raw mosaic of raw 
DPAsDPAs



MeanMean--fieldfield--bias Adjusted bias Adjusted 
Radar Mosaic (BMOSAIC)Radar Mosaic (BMOSAIC)

Compute the meanCompute the mean--fieldfield--bias (MFB) between hourly gauge and bias (MFB) between hourly gauge and 
radar rainfall for each radar (MFB=radar rainfall for each radar (MFB=ΣΣG / G / ΣΣ R) R) 

A single multiplicative ratio that varies from radar to radar anA single multiplicative ratio that varies from radar to radar and hour to d hour to 
hour such thathour such that

•• =1.0 means radar matches gauges on average=1.0 means radar matches gauges on average
•• >1.0 means radar is underestimating on average>1.0 means radar is underestimating on average
•• <1.0 means radar is overestimating on average<1.0 means radar is overestimating on average

Note: adjusting radar using MFB has exactly the same effect as aNote: adjusting radar using MFB has exactly the same effect as altering ltering 
the the ““AA”” parameter in Z=A parameter in Z=A RRbb

Multiply MFB X DPA for each radarMultiply MFB X DPA for each radar
Mosaic these products togetherMosaic these products together

DPAs + Point Rain Gauges 

=

BMOSAIC



Computing MeanComputing Mean--FieldField--BiasBias
Use only raining gaugeUse only raining gauge--radar pairs (G>0 and radar pairs (G>0 and 
R>0)R>0)
Select only GSelect only G--R pairs within the R pairs within the ““effective radar effective radar 
coveragecoverage”” of each radarof each radar
Use at least a minimum threshold number of Use at least a minimum threshold number of 
hourly gaugehourly gauge--radar pairs per radar (adaptable radar pairs per radar (adaptable 
parameterparameter……10 is default)10 is default)

If <10 in current hour, go back in time long enough to If <10 in current hour, go back in time long enough to 
accumulate at least 10 raining pairs accumulate at least 10 raining pairs 

GaugeGauge--radar bias table stores this information radar bias table stores this information 
for each radarfor each radar



GaugeGauge--Radar Bias TableRadar Bias Table
Compute biases once an hour for many different memory spans 

ranging from short-term (1-hr) to long-term (months)

3 months

1 week
Located under 
MPEfields, Display 
Bias Table menu, 
then click on a 
radar ID



Effects of MeanEffects of Mean--fieldfield--bias Adjustmentbias Adjustment

Unadjusted Adjusted

Warm 
season

Cold 
season

2 Types of 
Rainfall 
Errors:

1) Systematic 
errors (bias)

2) Random 
errors 
(variance)


